Abstract It has been widely reported that aging is accompanied by a decline in motor skill performance and in particular, it has been shown that older subjects take longer to adapt their ongoing reach in response to a target location shift. In the present experiment, we investigated the inXuence of aging on the ability to perform trajectory corrections in response to a target jump, but also assessed inhibition by asking a younger and an older group of participants to either adapt or stop their ongoing movement in response to a target location change. Results showed that although older subjects took longer to initiate, execute, correct and inhibit an ongoing reach, they performed both tasks with the same level of accuracy as the younger sample. Moreover, the slowing was also observed when older subjects were asked to point to stationary targets. Our Wndings thus indicate that aging does not speciWcally inXuence the ability to perform or inhibit fast online corrections to target location changes, but rather produces a general slowing and increased variability of movement planning, initiation and execution to both perturbed and stationary targets. For the Wrst time, we demonstrate that aging is not accompanied by a decrease in the inhibition of motor control.
Introduction
The double-step paradigm has been widely used to investigate the online control of goal directed movements and has repeatedly shown that in young adults a target location change at the outset of a pointing movement elicits a fast online correction to accurately reach the target Paulignan et al. 1991; Prablanc and Martin 1992) . The delay of these corrections is believed to be 100-150 ms and the change in movement trajectory has been shown to be smooth and without abrupt changes to the velocity proWles and movement times Paulignan et al. 1991; Prablanc and Martin 1992) . Such Wndings have led to the conclusion that an ongoing pointing movement to a visual target can be corrected without the reprogramming of a new motor output.
Interestingly, these rapid online corrections in response to target location changes have been found not to require awareness of the location shift (Pélisson et al. 1986; Castiello et al. 1991; Johnson et al. 2002) and under certain conditions participants are even unaware of their own limb modiWcations (Chua and Enns 2005; Day and Lyon 2000; Fecteau et al. 2001; Prablanc and Martin 1992; Goodale et al. 1986; Pélisson et al. 1986 ). Recently, it has also been shown that such corrections are so fast that they can prevail in spite of an instructed stopping response (Day and Lyon 2000; Pisella et al. 2000) . For example, Day and Lyon (2000) investigated the ability to control online corrections by asking healthy subjects to either move in the same or opposite direction of the target shift. They found that, in response to the location shift, only 24% of such corrections could be suppressed by the intention to move away from the target. As these rapid corrections seem almost irreversible they are seen as evidence for a strong 'automatic pilot' of the hand, believed to be mediated by neural structures of the visual dorsal stream (posterior parietal cortex; Goodale and Milner 2005; Pisella et al. 2000; Gréa et al. 2002) .
It is widely documented that motor skills decline with age compared to young adults, older subjects present a slowing of motor responses and their execution, a higher variability in reaction and movement time (Salthouse 2000; Yan et al. 1998; Yan 2000; Welford et al. 1969; Pratt et al. 1994; Walker et al. 1997 ) and a reduced smoothness of the movement (Yan 2000) . Surprisingly though, just how aging aVects the kinematics of automatic goal-directed movements has not received a great degree of attention in the literature, although it has been tentatively suggested that older adults have more diYculty achieving automaticity. For example, Wu and Hallet (2005) asked older adults to perform diVerent sequential (and previously learned) Wngertapping movements simultaneously to a secondary lettercounting task. They found that, although the older subjects took longer to achieve this automaticity than the younger group, they achieved it to the same level of accuracy. Moreover, functional magnetic resonance imaging revealed that the older subjects required greater brain network activity than the younger adults to perform the movements automatically. The authors suggest that this reliance on greater networks may be the main reason as to why older subjects have more diYculty in achieving automaticity. In line with this hypothesis, it has been shown that elderly subjects exhibit altered brain activation patterns during simple isolated Wnger movements (Calautti et al. 2001; Hutchison et al. 2002; Mattay et al. 2002) , hand movements (Hutchison et al. 2002; Ward and Frackowiak 2003) and cyclical hand and/or foot movements (Heuninckx et al. 2005) .
To our knowledge the only study that speciWcally investigated age-related diVerences using the double-step paradigm in relation to reaching, is the one by Sarlegna (2006) assessing how elderly participants amend their hand movements towards a displaced target. Six young and six older participants were asked to direct a pointer at either continuously visible, Xashed or non-visible targets that could either stay stationary or unpredictably jump to the left or right of the central target at movement onset. It was found that older subjects took signiWcantly longer to perform a corrective movement towards a displaced target. Based on this Wnding the authors argued that with aging comes a temporary impairment of online visual feedback control processes, accomplished by the posterior parietal cortex. However, end-point accuracy parameters were not assessed in this study. This would have been helpful as it has been previously suggested that older subjects try to compensate for slower processing speed by slowing their responses in order to be accurate, a hypothesis known as 'speed/accuracy trade-oV' (e.g. Salthouse 1979 ). The present study was aimed at clarifying this point.
More importantly, we compared the performance between older and younger participants in both a location go and a location stop condition using the same protocol as Pisella et al. (2000) . Detailed kinematic analysis of pointing movements in the location go condition allowed us to examine if there was indeed a decreased ability to perform movements to perturbed targets with aging. Additionally, location stop trials can shed further light on the automaticity of corrective responses as we examined whether participants, in the stop condition, initiated any trajectory adjustments immediately prior to the interruption of their movement.
Finally, and more importantly, with the stop condition, we examined if aging exerts any inXuence on the ability to intentionally interrupt a movement in-Xight. To our knowledge this examination has not been done.
In fact, although brain structures responsible for goaldirected movements have been studied extensively in the last century, underlying neural mechanisms regarding the voluntary control of ongoing movements have just recently become a matter of interest: using single-unit recordings, Schall and colleagues (Schall 2001; Schall et al. 2000; Schall et al. 2002) have shown a number of frontal cortical areas involved in this process, with complimentary evidence coming from fMRI testing in humans (Aron and Poldrack 2006; Curtis et al. 2004) .
Moreover, in a behavioural study, Mirabella et al. (2006) tested the ability of young subjects to perform either fast reaches toward a visual target in the same or opposite side of the reaching arm or, in stop trials, to withhold a command movement whenever an unpredictable stop signal was presented. They found that as the time gap between the go and stop signals increased, subjects increasingly failed to inhibit the motor response and that the stop time reaction time for reaching movements was approximately 200 ms. In addition, it was observed that subjects were faster when stopping their movement towards visual targets appearing in the same side of the reaching arm, which they interpreted as evidence for independent processes for stop and go responses that share a common mechanism when under the control of the same hemisphere.
This paradigm has not yet been applied to elderly subjects, but Potter and Grealy (2006) assessed the ability of elderly adults to inhibit a primed movement plan in favour of a novel one and found that the majority of adults failed to inhibit responses by the time they reached their sixties. This Wnding was extended in a very recent study (Potter and Grealy 2007 ) using a go/no-go task, again showing that older subjects produced more inhibition failures. Kramer et al (1994) also found that elderly compared to younger adults, were less able to inhibit overt responses: when both elderly and young adults were asked to perform a series of tasks measuring inhibitory functions, it was found that older adults had more diYculty than younger ones in stopping the overt response and adopting new rules, indicating that aging decreases the ability to inhibit an overt response in favour of an intentional response. In line with this claim, Olincy et al. (1997) found age-related changes in an antisaccade task, in that the proportion of misWxations to the onset stimulus (rather than away from it) increased linearly with age. Moreover, older adults have greater diYculty in intentionally suppressing attentional allocation to onset distracters (Pratt and Bellomo 1999) and are more susceptible to attentional capture by transient events in the periphery of the visual Weld (Lincort et al. 1997) . It is surprising then that Kramer et al. (1999 Kramer et al. ( , 2000 found equivalent patterns of oculomotor capture for old and young adults in that both groups misdirected their eyes to the task irrelevant onsets on an equivalent number of trials. Colcombe et al. (2003) further extended these Wndings of age equivalence from onset to colour singleton distracters.
Therefore, despite the wide-ranging research regarding the relationship between inhibitory functions and agerelated cognitive decline, just how these functions inXuence the control of action has not been investigated comprehensively and it is indeed hard to predict the behaviour of the elderly subjects. Based on the studies reviewed here we would expect elderly subjects to be delayed in the onset of their online correction to a target perturbation (see Sarlegna 2006) , but possibly be accurate in carrying out such a correction. Regarding the movement inhibition in the stop condition, we would expect impairment with age, yet the oculomotor capture results by Kramer et al. (1999; would not support such an assumption.
Method

Participants
Eight older subjects (four males and four females, mean age 72.88, SD 3.98) and eight younger controls (four males and four females, mean age 20.88, SD 0.35) were recruited and participated voluntarily in this experiment. All participants were right-handed according to the Annett Handedness Inventory (Annett 1967) , had normal or corrected-tonormal visual acuity, were healthy with no past history of neurological disease and did not suVer from confusion, general mental deterioration or psychiatric disorders. Ethical approval was granted by the local ethics committee and all subjects gave their informed consent prior to participation in the study.
Apparatus
Targets were white circles (7 mm of diameter) projected (HITACHI CP-X345 Multimedia LCD Projector, refresh rate of 60 Hz) onto a horizontal Perspex box (77 cm broad / 97 cm length / 30 cm high) via a reXection mirror (3 mm thick, 60 £ 60 cm). The box was placed on top of a wooden table (63 cm high, 99 cm long, 39 cm broad) at which the subjects were comfortably seated. Targets were visible only when illuminated and no tactile information about their positions was available. They were located at ¡40 mm (left hemispace) and +40 mm (right hemispace) with respect to the central target (0 mm). The central target was located 400 mm in front of the start trigger, aligned with the centre of the box. At the start of each trial, the right index Wnger rested on the start trigger, aligned to the subject's sagittal midline.
Design and procedure
We used a location go versus location stop paradigm. In the location go condition (also called double-step) subjects had to point to a target, which could unexpectedly jump to the right or left from the central position. In this condition, participants were instructed to point to the target and if it jumped to follow it to its new location. In the location stop condition, subjects were instructed to stop their movement in response to the target location shift and return to the start position. For both conditions participants were instructed to perform their movements as quickly and as accurately as possible with their right index Wnger.
To preclude any predictive behaviour, targets were unperturbed in 70% of the trials. In 30% of the trials the target changed its position (perturbation trials). This shift was triggered by the release of the start button. In half of the perturbation trials, the target shifted to the right, in the other half it shifted to the left. The two conditions were given in separate blocks and block order was counterbalanced across participants. Each block contained 18 practise trials (6 for each target Wnal position) and 200 experimental trials.
After pressing the start trigger (1,000 ms) the target was illuminated and a tone (800 Hz) cued subjects to perform the movement. One second after the start trigger release a pacing tone came on, announcing the end of the trial. Target positions remained visible until the end of the trial and were presented in a randomised order. Calibration coordinates were obtained at the end of each session, by continuous illumination of each target, one by one, allowing the subjects to adjust their terminal Wngertip position until they felt that they had perfectly occluded the target. There were three calibration trials per target and three for the start position.
Pointing responses were recorded by sampling the position of a magnetic marker, attached to the tip of the index Wnger, at a rate of 108 Hz, using an electro-magnetic motion analysis system (Minibird, Ascension Technology Inc.). The start trigger, the online recordings and the stimuli presentation were simultaneously controlled and timed by a PC, by means of a Virtual Instrument generated with LabView software (National Instruments).
Data analysis
Data obtained from the recordings was analysed oVline. Start of the movement was deWned by using a velocitybased criterion of 0 mm/s. For the location go condition, the end of the movement was determined by the kinematic data, using a velocity-based criterion of 50 mm/s.
A trial-by-trial analysis was performed to detect the time frame in which the x position was altered in order to make a correction to the jump (correction time). To do so following Pisella et al. (2000) , 95% conWdence intervals of the x position were calculated for the non-perturbed trials. Perturbed trials were considered as corrected when the x value was below or above the conWdence interval at the end of the movement, allowing a classiWcation of trials as either corrected or non-corrected. The end-point accuracy parameters were the constant angular error relative to the ideal reach (see also Cressman et al. 2006) , calculated for each trial based on the calibration coordinates, as well as the variable error (i.e. the standard deviation of the constant angular error). The following dependent variables were analysed: proportion of successful corrections and for corrected trials only: correction time, movement time, peak velocity, constant angular error and variable error.
For the location stop condition, trials were classiWed as stop or non-stop using a Virtual Instrument that detected the Wrst frame prior to the velocity reversal in the y-axis. The end of the movement was identiWed as the frame before the velocity in the y-axis went negative (pullback) provided that the velocity fell below 100 mm/s within 50 ms of the Wrst frame becoming negative. Trials meeting this criteria were classiWed as successful stops. We also used this criteria to obtain the time it took the subject to stop the movement before the pullback (stop time).
In addition, the same classiWcation of corrected or noncorrected trials as in the location go condition was performed to identify whether participants made a correction towards the target location shift before pulling back. If yes, these types of responses were classiWed as disallowed corrections and measured in proportions. Therefore, for stop trials the following parameters were analysed: proportion of successful stops, stop time and proportion of disallowed corrections. Stop time was analysed for successful stop trials only.
Means for each of the participants were computed for each variable and proportion results were submitted to an arcsin transformation before statistical analysis. Post hoc comparisons were made with the Bonferroni method, P < 0.05.
Results
Reaction time (RT)
To investigate the inXuence of aging on reaction time, we performed a mixed design ANOVA with age (older adults, younger adults) as a between factor and condition (location go, location stop) as a within factor. As expected older participants had signiWcantly longer RTs (F (1,14) = 5.01, P < 0.05), but both age groups showed signiWcantly longer RTs in the location stop compared to the location go condition (F (1,14) = 7.63, P < 0.05; see Table 1 ). No signiWcant interaction between age and condition was found.
Location go condition
Proportion of successful corrections and correction time were assessed with a mixed design ANOVA with age as a between and side (leftward or rightward perturbation) as the within factor (see Table 2 ).
For the proportion of successful corrections, there were no main eVects of age nor side, but a signiWcant interaction (F (1,14) = 16.00, P = 0.001). Pairwise comparisons showed that the older group made signiWcantly fewer corrections in response to a left target jump and signiWcantly more corrections to a rightward one (P < 0.05), while the opposite pattern was observed for the younger sample (P < 0.05).
Regarding correction time, we found that the older group took signiWcantly longer to initiate their corrections than the younger sample (F (1,14) = 16.98, P = 0.001). Both groups were aVected by side in that all participants corrected their movements signiWcantly later when the perturbation occurred in a leftward direction (F (1,14) = 33.79, P < 0.001). No interaction was found.
A mixed ANOVA with age as a between and trial type (leftward perturbation, rightward perturbation, non-perturbed) as a within factor was performed separately for each of the following variables: movement time, peak velocity, angular and variable error.
For movement time, as expected, there was a signiWcant main eVect of aging with the older group taking markedly longer to complete their movement (F (1,14) = 15.90, P < 0.001). We also found an eVect of trial type (F (1,14) = 74.62, P < 0.001): as expected, pair-wise comparisons showed that movement times were shorter to unperturbed than perturbed trials (P < 0.001 for the left target perturbation; P = 0.001 for the right target perturbation). In addition, all subjects took substantially longer to complete their movements when the target was perturbed to the left side compared to the right side or non-perturbed trials (P < 0.001). No interaction between the factors was found. Only age was found to aVect peak velocity, with the older group performing more slowly (F (1,14) = 12.25, P < 0.01).
Interestingly, regarding constant angular error no eVect of age or trial type, nor an interaction was found. Both groups ended their movement on target for both perturbed and non-perturbed trials. For variable error, an eVect of trial type was found (F (1,14) = 9.80, P < 0.01). Pairwise comparisons revealed that the end-point was more variable for right compared to left target perturbations and unperturbed trials (P < 0.01).
Location stop condition
Proportion of successful stops, proportion of disallowed corrections and stop time were assessed with mixed design ANOVAs with age as between and side (leftward or rightward perturbation) as the within factor (see Table 3 ).
For the proportion of stops, no main eVects of age or side nor an interaction between the two factors were observed. Both age groups were similarly able to stop their movements in response to the left and right target displacements.
However, despite the stop instruction both age groups performed disallowed corrections in the direction of the perturbation. Interestingly, a main eVect of side was found for the proportion of disallowed corrections in the stop condition (F (1,14) = 4.70, P < 0.05), with all participants presenting a higher proportion of corrections (despite the stop instruction) in response to a right target displacement, when compared to the left one. No eVects of age nor an interaction were obtained for this variable.
Regarding stop time, similarly to correction time, the older group took signiWcantly longer than the younger subjects to stop their movements (F (1,14) = 4.96, P < 0.05). There was also a main eVect of side with participants taking longer to stop in response to a left rather than right target displacement (F (1,14) = 5.26, P < 0.05). No interaction was found.
Movement trajectories
In Fig. 1 we present the 2D vector means (in deg) by time slice per group per trial type (only successfully corrected and stopped trials were included). Vector trajectories were obtained by averaging trials per subject, separately for each Wnal target position. To ensure that the graphs were homogeneous in terms of time slices across conditions and groups, we only included mean data points from 65 to 259 ms. 1 Graphs were plotted after calculating the overall 2D vector mean. We also included the lower and upper boundary of the unperturbed trials, by subtracting and summing its mean values with 2 standard deviations. This 2D vector trajectory mean with its two standard deviation bandwidth, allowed us to assess the correction and stop movement trajectories qualitatively.
Although this trajectory analysis is in agreement with the 95% conWdence intervals results it is a very conservative estimate. Therefore (as suggested by one of the referees), to obtain an earlier estimate of correction time, a paired t test of the 2D vector coordinates was performed. Comparisons were made between unperturbed and left or right perturbed trials for each time slice for each group.
For the location go trials, both groups initiated their corrections in the direction of the perturbation to the left later than to the right target displacement, which conWrms the eVect of side obtained for correction time (see Fig. 1 ). The younger group (Fig. 1a) started correcting towards the rightward perturbation at around 204 ms and only at 213 ms towards the left perturbation. However, disregarding the strict criteria of the unperturbed trials bandwidth, the paired t test showed that the trajectory started its deviation from the unperturbed mean trajectory as soon as 176 ms to the right and left (t (7) = ¡4.50, P < 0.01; t (7) = 3.71, P < 0.01, respectively).
The Wrst notable characteristic of the older group's trajectory (Fig. 1b) is the higher variability of its bandwidth compared to that of the younger group. However, it seems that the trajectory is similar between groups, despite the slower deviation towards the perturbation and the higher variability in the older sample. Older participants started to correct their reaching at around 259 ms to the right and later to the left. Again, disregarding the strict bandwidth, the older subjects started to deviate their reaches towards the right at around 204 ms and to the left at around 222 ms (t (7) = ¡2.47, P < 0.05; t (7) = 2.55, P < 0.05, respectively). Note that they are still initiating their deviation later than the younger sample.
For the location stop condition, what is remarkable is the inability of both age-groups to inhibit a correction deviation towards the target perturbation (see Fig. 2 ). Both groups were correcting towards the perturbation even if instructed not to do so. Again the same increased variability of the unperturbed trials bandwidth is observed for the older 1 These time frames were selected as they contained 100% data points across all trials, conditions and subjects. Note that the graphs miss 56% of data points in the go condition and 55% in the stop condition both at the beginning and end of the movement. (Fig. 2b) , when compared to the younger group (Fig. 2a) . In addition, note that the 2D vector values were outside the bandwidth on both groups for the right perturbation, but only marginally outside for the leftward perturbation. This last result conWrms the eVect of side obtained regarding the proportion of disallowed corrections in the stop condition that is subjects made more disallowed corrections when the target was perturbed rightwards than leftwards. Finally, it is noteworthy that similar correction initiation timings are observed between the two conditions, reXecting a consistency regarding the timing of both successful corrections (go condition) and disallowed corrections (stop condition). In sum, it seems that the only age-related diVerences we found were that the older adults were more variable and initiated both their corrections and stops later in time. However, this slowness and variability of the older group appears not to be speciWc to online corrective movements or inhibitory movements as the same pattern was observed for unperturbed trials. Even the 2D vector trajectories were very similar between the groups, the only diVerence being the timing and variability of the movement.
Therefore, the spatial trajectory analysis conWrms the earlier Wndings with older subjects taking longer to initiate, execute, correct and inhibit a pointing movement, but achieving the same Wnal accuracy as the younger group. Finally, with respect to the side to which the target perturbation occurred, it was found that all participants took longer to initiate, execute and interrupt a corrective pointing movement when the target was perturbed in a leftward compared to a rightward direction. Interestingly, we also found that all subjects had more diYculty inhibiting a corrective movement in response to a right target displacement, when compared to a left one.
Discussion
In agreement with the Wndings of Sarlegna (2006) and Plotnick et al. (1998) , older subjects were markedly slower in initiating a correction towards target perturbations. However, they were as accurate as young subjects, their trajectories were smooth and they occluded the target perfectly. This Wnding suggests that although older subjects have longer latencies to initiate an adjustment of an ongoing movement, they can achieve it with the same accuracy as young controls.
Moreover, this slowness was not speciWc to perturbed targets, as the older group was signiWcantly slower and more variable even when executing goal-directed movements to stationary targets (albeit as accurate). Consistent with previous Wndings, our data indicates that older adults take longer to initiate, execute and correct and are also more variable in their reaches (Haaland et al. 1993; Yan 2000) . Whether these 'deWcits' are related to neuromuscular changes (e.g. Booth et al. 1994 ), a decrease in processing speed (e.g. Salthouse 2000; Verhaeghen and Cerella 2002, for a review), a deterioration of the ability to generate a movement plan (e.g. Pratt et al. 1994; Yan et al. 1998) or a dysregulation of motor generation processes (Yordanova et al. 2004 ) is still not clear. It might be argued that our classiWcation of a successful correction did not strictly Wt criteria of an 'automatic' fast correction, as the timing of the correction initiations was noticeably larger than the one reported previously (e.g. Prablanc and Martin 1992) but diVerences in methodology have to be taken into account (e.g. target distance and trial classiWcations based on strict individual 95% conWdence intervals obtained from unperturbed trials). Indeed, the 2D reaching trajectories without the strict bandwidth criteria showed correction timing comparable to that of previous studies.
Moreover, the time it took participants to initiate their correction towards the perturbation was longer than the time taken to update their movements following the perturbation. In particular, while the correction was initiated at approximately 279 ms, it was completed in only 226 ms. This Wnding suggests that the second submovement was executed more rapidly than the Wrst. Also, the total movement time of the perturbed trials was generally increased by 50 ms only, compared to the movements made to the stationary targets. In agreement with previous work (e.g. Paulignan et al. 1991) , our data suggests that these corrections did not require the re-programming of a new motor output; if they did participants would have taken more time to execute the correction.
Finally, the time it took subjects to stop their ongoing reach was longer than the time with which they initiated a correction. Based on the idea that stop responses require awareness and intentional reprogramming (Cressman et al. 2006; Pisella et al. 2000) , we would state that our correction times were fast enough to escape intentional motor control. In line with this argument is the observation that only 56% of the corrections could be inhibited by an instruction to stop the movement: even when the target perturbation should have led to a 'pullback' response, a spontaneous correction still occurred. The Wndings conWrm previous claims that online corrections to target location changes can have such automaticity that they escape intentional motor control (Pisella et al. 2000; Day and Lyon 2000) .
We also analysed the inXuence of aging in inhibiting a fast ongoing motor response and found that, despite the increase in the timing measures and the greater variability, older adults were as able as young controls to stop their ongoing reach in response to a target location change. This outcome is surprising in view of the proposal that executive cognitive functions supported by frontal lobe structures show the strongest declines with aging (Phillips and Della Sala 1998) . In fact, alterations in frontal lobe morphology and metabolism have been frequently reported in older subjects (for review see West 1996) . In addition, it has been proposed that aging is accompanied with a decrease of inhibitory functions and that additional brain areas are activated for the execution of these tasks in older subjects (e.g. Nielson et al. 2002) . Other authors have proposed that as the prefrontal cortex plays a crucial role in inhibition-type tasks, aging is accompanied by speciWc reduced activity in these areas (e.g. Chao and Knight 1997) and indeed West (1996) proposed that the prefrontal cortex plays a crucial role in aging.
In the motor domain, it has been previously shown that with aging comes an increased diYculty to inhibit a primed motor response (Potter and Grealy 2006) . We did not Wnd this pattern in our paradigm, as there was no decrease in the accuracy of the inhibitory motor control with aging, although there was a general slowing and increased variability in both online and inhibitory movements to both perturbed and unperturbed targets. Our data does agree with previous Wndings on oculomotor inhibition where aging did not result in increased capture eVects (Eenshuistra et al. 2004; Colcombe et al. 2003; Kramer et al. 1999) . Interestingly, Kramer et al. (2000) found that both elderly and young participants misdirected their saccades in an equivalent proportion of trials when awareness of the distracter was low, but when the distracter was brighter than the search stimuli older subjects were less eYcient in inhibiting saccades towards these distracters. We would thus agree with Kramer et al. (1994) that diVerent processes are involved in the diVerent forms of inhibition and aging might not be uniquely implicated in all of these.
For all subjects reaction times were longer for the location stop than the location go condition. This Wnding might be related to task diYculty as a motor inhibition may require greater preparation time. In addition, it seemed that the diVerence in reaction times between younger and older participants was qualitatively (if not signiWcantly) higher in the stop condition, which is in agreement with previous Wndings of increased latencies for older subjects regarding more complex tasks (Kok et al. 2000; Salthouse 2000; Yordanova et al. 2004) .
Finally, regarding the eVects of perturbation side, we found that both groups were faster when correcting to a right rather than a left target displacement. Similar laterality eVects were observed for stop time, in that all subjects took longer to stop to the left than to the right side of space. In addition, both groups were less eYcient to inhibit a correction to a right compared to a left target perturbation. The higher speed of the right hand in right hemispace could be due to biomechanical eVects (Carey et al. 1996) . Future studies should analyse this asymmetry in greater depths asking subjects to reach with the left hand also, to both sides of space.
Finally, the greater speed of the right hand in right hemispace may be related to the increased variable error obtained for the right target displacement: as subjects were faster when moving to this side, the endpoints of their movements might have become more variable.
To conclude, our Wndings show that aging does not speciWcally inXuence the ability to perform or inhibit fast online corrections to target location changes. Further studies of motor control across the lifespan are needed as a general slowing is not necessarily indicative of poor performance, although a correlation between risk of mortality and change in strength and motor performance (Buchamn et al. 2007 ) has been found. In particular, just exactly what type of inhibitory functions are implicated in age-related cognitive decline, has to be further elaborated.
